ABSTRACT
INTRODUCTION
Social media is an important tool for health communications. 1 The Centers for Disease Control and Prevention recognize the importance of social media and provide professional guidelines on its use. 2 Video-sharing social media have gained popularity during the last decade, with 72% of online adults using some form of video-sharing sites and 63% using YouTube specifically. 3 Healthrelated videos with varying topics, such as weight loss, 4 lead poisoning, 5 diabetic retinopathy, 6 tinnitus, 7 Zika virus, 8 and Lyme disease, 9 are commonly found on YouTube, as discussed in a recent systematic review. 10 State health departments (SHDs) in the US use media for health promotion. Even in 2011, as many as 60% of SHDs had at least 1 social media application; 86.7% were on Twitter, 56% were on Facebook, and 43% were on YouTube. 11 The SHDs with higher per capita health department expenditures, more staff, and younger staff were among the first to adopt the use of Facebook and Twitter. 12 Prior studies found that SHD Twitter contents were focused primarily on personal health, whereas SHD Facebook posts were disconnected from health conditions that affected their populations. 13, 14 Nevertheless, to our knowledge no data are available on SHD use of YouTube videos and their correlates. A cross-sectional study of SHD YouTube videos could serve as a baseline for future studies to understand the evolving SHD use of YouTube videos as means of health communication.
The objective of this study was to identify the public health information, education, and disease topics of the videos that SHDs posted on their YouTube channels as of January 2016.
In addition, analyses were conducted to identify factors that might be associated with the quantities and the topics of YouTube videos uploaded by SHDs and the number of views per video. The following hypotheses were tested: 1. SHDs with more staff and higher expenditure posted more videos on YouTube 2. SHDs with more staff and higher expenditure had more views per video on YouTube 3. SHDs with higher expenditure for a category were more likely to have a video on that topic posted 4. SHDs that identified a category as a top priority were more likely to have a video on that topic posted.
METHODS
This cross-sectional study covered SHDs of 50 US states and the District of Columbia. The 2012 Association of State and Territorial Health Officials (ASTHO) profile survey was used to obtain information on staff, expenditure, and top 5 priorities for each SHD. 15 Nevada and South Carolina did not participate in the survey, and they were excluded in the regression models described below. 
YouTube Data

Statistical Analysis
Descriptive statistics were performed for the variables recorded from YouTube: Number of subscribers, number of uploaded videos, number of views, and date joined. A scatterplot matrix was created to determine the correlation between explanatory variables (see next paragraph).
Univariable regression models were used to assess the relationship between staff and spending of the SHDs and their total number of uploaded videos (linear and negative binomial models) and their views per video (linear models). Log transformation was used in the count outcome for linear regression. Also, log transformation was used in explanatory variables owing to the right or left skew of the variables. Pearson r correlation with 95% confidence intervals and p values were calculated for the SHD explanatory variables: Number of full-time employees, number of epidemiologists or biostatisticians on staff, number of public information specialist staff, number of preparedness and response staff, number of health educators, and 2011 total year expenditure. 
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To address the stratified sampling of videos of each SHD, univariable weighted logistic regression was used to assess the relationship between the percentage of expenditure that SHDs spent per expenditure category and the likelihood of the SHDs posting YouTube videos on that topic. Percentage expenditure variables analyzed by category and the 2011 total expenditure variable were continuous, and the topic of the video was binary. Univariable weighted logistic regression was also used to assess the likelihood of SHDs posting a video on a topic stated as 1 of their top 5 priorities. If a category was mentioned as 1 of the top 5 priorities, it would be considered in the analysis. Odds ratios (ORs) and p values were computed.
Data were analyzed using R Version 3.2.4 software (R Foundation for Statistical Computing, Vienna, Austria). The level of statistical significance was determined a priori with α = 0.05. This study was exempt from full institutional review board review under B4 exemption, according to the institutional review board of the corresponding author's (ICHF) institution (H16309).
RESULTS
As of January 10, 2016, a total of 43 of 51 SHDs had YouTube channels; the exceptions were the following: District of Columbia, Maine, Maryland, Massachusetts, Mississippi, New Jersey, Pennsylvania, and Wyoming. Together, all 43 SHDs had posted 3957 videos, accumulated 12,151,720 views, and gained 6302 subscribers (Figures 1-3) . Missouri was the first state to join (in February 2007), and Colorado was the most recent state to join (in September 2015). Arizona had the largest number of posted videos (510), subscribers (834), and views (5,175,153), whereas Colorado had the smallest number of uploaded videos (2), subscribers (0), and views (1), as shown in Table 1 .
Four hundred fifteen videos were manually coded; some states had fewer than 10 posted videos, and therefore, the number was fewer than 430 videos. Video length ranged from 6 seconds to 59 minutes. Fifteen coded videos (15/415; 3.6%) were in Spanish. Information about the public health agency (73/415; 17.6%), Infectious Disease (52/415; 12.5%), and Mother/ Infant Health (37/415; 8.9%) comprised the largest share of topics. Forty-one coded videos (41/415; 9.9%) were not intended for public communication about health (coded "not relevant") and were meant for SHD staff training purposes ( Table 2) .
Two of the 415 coded videos had received more than 100,000 views: Both 
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were about tobacco cessation and were posted by New York and California. 16, 17 A video posted by California about injury prevention received the most likes (107), and a video about environmental health received the most comments (30). 18, 19 The number of staff and the number of full-time employees were highly correlated, as were all expense variables (2010 total year expenditure, 2011 total year expenditure, 2010 relevant expenditure, and 2011 relevant expenditure).
No statistically significant association was observed between the log-transformed number of YouTube videos posted on an SHD's YouTube channel and any of the explanatory variables of SHD staffing and expenditure in 2011 ( Table 3) .
The number of full-time employees (r = 0.34, p = 0.03), number of epidemiologists and biostatisticians (r = 0.41, p = 0.01), and 2011 total year expenditure (r = 0.38, p = 0.02) were positively correlated with the log-transformed number of views per video posted to YouTube by SHDs (Table 4) .
However, no meaningful patterns of statistical association were observed between the percentage of expenditure on a specific program area and the topics of videos. Table 5 shows the ORs and p values of the 42 models ran to test the hypothesis if SHDs with higher expenditure for a category were more likely to have a video on that topic posted. The odds of SHDs posting a video on All Hazards Preparedness and Response was quintuple if they had higher percentage expenditure for Infectious Disease (OR = 4.94, p = 0.03) and was 94 times higher for a 10-fold increase in 2011 total expenditure in US dollars (OR = 94.16, p = 0.02). However, surprisingly, the odds of SHDs to post a video on All Hazards Preparedness and Response was 96% lower if they had a higher percentage expenditure on the same topic (OR = 0.04, p = 0.01). The odds for SHDs to post videos on WIC was 2.61 times if they had higher expenditure on Injury Prevention (OR = 2.61, p = 0.01). However, surprisingly, their odds to post videos on WIC was reduced by 97% if they had higher expenditure on WIC (OR = 0.03, p = 0.02). Table 6 
DISCUSSION
Principal Findings
As of January 10, 2016, a total of 43 SHDs uploaded health-related videos to YouTube. A total of 415 randomly selected videos were manually coded for contents. Information about the public health agency, communicable diseases, and mother/ infant health comprised the largest share of topics. One in 10 coded videos were not intended for public communication about health (coded "not relevant") and were meant for SHD staff training purposes.
Number of full-time employees, number of epidemiologists and biostatisticians, and 2011 total year expenditure were found to be positively correlated with the log-transformed number of views per video posted to YouTube by SHDs. Our findings implied that larger SHDs with a bigger budget and a larger work force were likely to create and upload YouTube videos that attracted more views per video.
Public Health Implications
Most SHDs made use of YouTube to reach their audience. Although 17.6% of SHD YouTube videos were to promote or to inform the public about the SHDs and their affiliated agencies, the proportion was lower than that on Twitter, where one-third of tweets posted by SHDs were about the organizations and two-thirds were focused on personal health topics. 13 Clearly, SHDs can create videos appealing to young adults, as 82% of 18-to 29-year-olds used YouTube in 2014. YouTube can also serve as a platform to reach minorities, considering that 76% of blacks and 74% of Hispanics in the US reported using YouTube, compared with 57% of whites. 3 Creating and posting videos in multiple languages would help to reach a broader range of individuals (eg, Hispanics). Considering our findings that only 15 of our manually coded sample of 415 YouTube videos were in Spanish, there is certainly room for further development in video health communication outreach to the Spanish-speaking minorities in the US.
Given that we observed no meaningful patterns of statistical association between the percentage of expenditure on a specific program area and the topics of videos, we postulated that the SHD decision to create and upload YouTube videos of a given topic might not be informed by the share of resources dedicated to the specific program area.
Strengths and Limitations
This study presents a qualitative view of YouTube videos posted by SHDs as of 2016. Changes over time were not studied because this is a cross-sectional study. All states of the US were included in the study as we identified SHD YouTube videos, but Nevada and South Carolina were excluded from the regression models because they did not participate in the 2012 ASTHO profile survey.
The study has some limitations. We coded only 10 randomly chosen videos 
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Adopting YouTube to Promote Health: Analysis of State Health Departments from each state. Although the sample was randomly selected, the small sample size might introduce selection bias. Video topics were manually coded. Although 10% of the sampled videos were double-coded, coder subjectivity in determining the main topic was plausible. We did not record the year the videos were first uploaded and did not study whether they were timely regarding the current public health needs in the state served by each of the SHDs. We also did not analyze whether the images or messages in the videos were acculturated to their intended audience. Furthermore, this study is limited to YouTube, and SHDs might have used other video-sharing sites. Future studies could explore these directions of research.
Although we used the most recent ASTHO data available to us when this study was conducted in 2016, the 2011-2012 data may not be representative of the current expenditure profile and top priorities of the SHDs. As mentioned, we coded only 10 randomly chosen videos from each state. With a small sample size, the randomization may have affected the results. However, the videos were randomly selected from all posted videos, and our regression models were weighted. When we compared the video topics with expenditure categories, not all categories were encompassed by the expenditure categories, meaning that SHDs posted videos on topics that did not easily fit into any one expenditure category. It is important to highlight that the budget for and the quantity of advertisements and other promotional efforts undertaken by SHDs might be correlated with the number of views per video and thus were potential confounders. [20] [21] [22] However, we did not have access to such information, and we could not estimate that based on the ASTHO data that we had.
CONCLUSION
Forty-three of 51 SHDs had YouTube channels as of January 2016. Information about the public health agency, communicable diseases, and mother/infant health comprised the largest share of topics.
Larger SHDs with a bigger budget and a larger work force were likely to create and upload YouTube videos that attracted more views per video. YouTube provides SHDs with a unique opportunity to disseminate health messages to the community. Future studies could focus on how SHDs promote their videos and could provide examples of best practices for other states to follow. v
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